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L . the NASA Lyhdon B. Johnson Spac /C

: »conslderable pubhc interest; first, because the space rivals of the [até" l950 s

- their mﬁtttal efforts included developing-a space. rescue systam. The ASTP' .
also lncluded significant scientific experiments, the results of which can. Qe
" usedin teaéhmg biology, physics, and mathematics in schools and colleges .
Thts series of pamphlets discussing the Apollo-Soyuz mission and expen-

- ments isa set of curriculum supplements desrgned for teachers, supervrsors
" cumculum specralrsts and textbook writers as well as for the general public. RN

Nelther textbooks nor coun{es of study, these pamphlets are intended to .

references to standard textbooks, and clear descriptions of space expenments

* o .Inasense, they may be regarded as a pioneering’ form of teachlng aid Seldom B

has there.been sucka. forthnght effort to: provrde dlrectly 1o, teachers,

: o cumculum relevant reports of current screntlfic researchy’ ngh school « w&

teachers ‘who. reviewed the fexts suggeste;l that advanced students who are .
|nterested mlg'ht be assigned to smdy one pamphlet and report on it to the rest -

~ of the class. After class discussion, students mlght be asslgned (wrthout

- access to the pamphlet) one or more of the “Questlons for DISCUSSIOH for:
- formal or. informal answers,‘thus stressmg the appllcatlon of what was

— “a prevtously covered in the pamphlets

* <" The authors of these pamphlets are Dr. Louerhams,Page ageologlst and
Dr. ’l'homton Page, an' astronomer. BOth—have taught science at’several -~
umversmes and have publlshed 4 bookson scrence for'schools, colleges and
, the general reader, including recent one on space scienc _
) Techmcal assistance tQ the} Pages was provrded by . the Apo} Soyuz" '
Program Scientist, Dr. R.- Tl{\omas Giuli, and <by. Rlchard R. Baldwin,
W- Wilson Lauderdale and Sus .M ntgomery, members of the group at

nt3yin Houston which organized the’

puki¥hed thelrreportsofoxpenmen- ‘

; , scientists’ pammpatlon |n the ASTP?
tal results.

- Selected teache from'hrgh fools and un' rsitie’s throughoutthe United

States revrewed t pamph ets in dra;g-form They suggested changes-in
" wording, the-addition of & glosSary of te unfamiliar to students, -and

tigators ‘who reviewed theé texts for accuracy. follows this Preface, -
" This set of Apollo Soyuz pamphlets was initiated and coordmated by Dr..-
Fred nc‘k.B Tuttle, Dlrector of Educational Programs, and was supported by

Officer all of NASA Headquarters in Washlngton D.C.

“ . . N

- and 1960’s were workmg together i in a joint endeaVor'. and second because

improvements in diagrams. A list of the teachers and of the scientific.inves-

The. Apollo- oyuz Test Project (ASTP)}whlch flew in July 1975 amused o

provrde a rich.source of ideas, examples of the’scientific- method, pertment ‘ +

" the N SA Apollo Soyuz Program Office, by LelandJ Casey, Aerospace, - ’
Englneer for ASTP, and by William D. Nixon, ‘Educational Programs -

w




A recnauon 1s“ekpressed to the screnufic myesugators and teachers who .

o revrewed the draft copies; to-the NASA specialists who' provrdeh dragrams ?
% and ,pho(bgraph5° and'to J. K. Holcomb, Headquarters Director of ASTP: .
-operauons ang Chester M. Lee, ASTP Program Director at Headquarters LT
whose mterest in Ihrs educauonal endeavor made this pubhcauon poSslble o : S
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“'-jllntroductlon.

- Amencan or 'Russian food. These activities ‘and_the physlcs of ‘reaction o
.motors, orbits around the Earth, and werghtlessness (zero-g) are described .. '(~

_, s "_~' - ' '.‘._.’

diatlon Hazard in Spacecraft

. After 4 years of preparation by the U.s. Natronal Aeronautrcs and Space

Administration (NASA) and the U.S.S.R. Academy of dciences, the Apollo

. -and’ Soyuz_spacecraft were launched on July 15, 1975. Two days later B

~at 16:09 Greenwich mean time on Jul’y 17, after Apollo maneuvered tnto
‘the same’ orblt as Soyuz. the two spacecraft were docked. The astronauts

and" cosjnonauts then’ met. for- the first international handshake in space, ~

~.and each crew entertained the other crew (one at a time) at a meal of; typrcal

more fully in Pamphlet I *'The. Spacecraft Therr Orbits, and Docklng” h

- . (EP-133).

-

; concem in long spaceflrghts *‘Radiation’” is used here to_mean the bom--

. - Thirty-four e)tperrments were’ perfonned while Apollo and Soyuz were in / R

orbit: 23 by astronauts, 6-by cosmonauts, and 5 jointly. These expenments ¢
in’ space were selected from 161 proposals from scientists’in nine different -
“countries. Fhey. are listed by number in Pamphlet I, and grqups of two or
more are described in detail in Pamphlets II through IX (EP-134 through
EP-141, respectively). Each experlment was directed by a Principal lnvestl-

" gator, asslsted by several Co- lnvestlgators and the detailed scientific results - °
"have been publlshed by NASA: in 'two reports: -the Apollo Soyuz Test>
Project Preliminary Science Report (NASA.TM X-58173) and the Apollo- -

: Soyuz Test Proyect Summary Science Report (NASA SP- 412). The simplified

accounts given in these pamphlets Have been revrewed by the Pnnclpal' -
lnvestlgators or one of the Co- lnvestlgators
Planners of the-early NASA space missions womed about damage from

. "meteors- and the idangers of returning. to Earth- at hlgh speed ‘through the :

atmosphere. ‘When these. hazards were avoided (by meteor shields and abla-; Co
tive ‘heat shields), the next concem was the effect of welghtlessness on. .. :

: astronauts After the Skylab 3 astronauts spent 84 werghtless days in orblt NEREARE
this anxiety passed

- Recent evidence shows that- the"‘radratron hazard" may be of more-, T

bardment by high-energy pamcles—cosmlc rays in outer space and’ hlgh o o

o . speed protons_and electrons in the. Van_ Allen. belt about 320 to 32 400 - } L R
kllometers above the Earth’s surface. This tadiation is hazardous not onlyto] «f ..

o astronauts and other lngng orgamsms in thie spacecraft but’ also to. electronlc_\_;; L h
. equrpment and instruments. ! '

-Two-Apollo- Soyuz Test Project experrm;:nts are descrrbed in this’ pam-
phlet. Expenment MA- 106, QuantitatiVe Observations of nght Flash Sensa-
tions (flashes seen by **blindfolded " astronauts), wis s supervised by T.F
Budrnger of the Lawrerice Berkeley Laboratory at the’ Un_l_versrty of Califor-

¥
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= A lncomlng Partlcles Versus T T
~  the Earth’s. Magnetlc Fleld SRR S

B Cosmlc rays are charged partlcles (ions). movmg at hlgh velocnty and commg

i toward the Earth from. alLdrrectlons ‘Scientists have found that many of the .~
'flower speed cosmic- ray ‘particles. come from the Sun. These are called-solar i
‘cosmic rays.: ‘They are probably blown out of the Sun by violent exploslons S

: Much slower protons and electrons—the ‘solar wind''~—are streaming con- - :
L tmuously out of thé Sun in large’ numbers The. hrgher energy cosmic rays ‘¢

T comulg- -from all other directions probably originate in our Milky. Way Galaxy - -,
and are called galactic Bmic rays. They pass nght through spacecraft ata .
> rate of 2 particles/cin® hr. All these particles are’ deviated by the Edith’s’
R Nmagnetrc field: the slow, light ones are deflected more than the fast, heavy, .

N 6P

-‘ 'ma He was asslsted by fl Co- Investlgators Expenment MA-107, Brostacka: ‘
‘ _III was a German &xperiment supervised by Horst Biicker of the Biophysics R
Space Research Group at the University of Frankfurt. He was assisted by 32 . .

‘Co-lnvestlgators m West" Germany, France, and the United States. Bio-

e

- galactlc cosmic- ray partlcles o .
) magnetlc dipole.’ " There is a region #found the Eart

"Flgurel 1. Of course, there isn

tatlon (although. the magnetic dbpole is inclined l3° to.the rotation. -axis). ‘The

" -magnetic field strength is about 500 millig (50:x 106 tesla) at the surface
-and the strength rapidly decreases outwardly (l proportiot to 1/r4, ‘where | ris
the distance from the Earth’s. center). Other planets also have magnetic fields,

' ff " but those of Mercury, Venus, and Mars (and the Moon) aré¢ much smaller. :
' ©* Mercury's.magnetic field is about 1 pércent of the Earth’s and the magnetic. . .

here a compass needle v
" will point along the magnettc lineg/of force represénted by the dashed lines'in - -
‘ ybar magret inside the Earth The Earth’s mag- .
R netisin is thought to anse from currents in the molten core due to the Earth’s ro- -

SR . "stack Il was the t u‘d in.a series of*experiments to. [measure ‘the effects of S
% cosmic rays®on spores, seeds, and eggs, (Biostack I was carried on Apollo 16"? C
o in Apnl 1972 and Brostack II was Camed on. Apollo l7 m December 1972 ) L

The Earth has’ a magnetic field! somewhat ltke.ttgt'%f a large bar magnet or

B

- fields o of Venus ‘dnd-Mars are nearly wero. “Jupiter and Satumn have tauch

IS ‘stronger magnetic fields (4000 mllllgauss.‘or400 X 10-6tesla, at- the surface) '

- probably because: they are rotatmg faster than the Earth

N . e -

‘Project Physics, Secs.14. 2 l4 l3 PSSC, Secs. 22-1, 22 3 and ESCP Secs 3.11 10 3- l3 C
(Throughout this pamphlet, references will be gigen 1d key topics covered in these three standard
- textbooks: * * Project Physrcs, " second edition, Holt, Rinehart and Wmston. 1975;. **Physical +
oy -Science Study Committee”! (PSSC) fourth edition, D.C. Heath l976 and * lnvesugaung the -

13

Earth™ (ESCP) Houghton leflm Company l973)

. I3 ERAN
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oo The dlrectlon of tmvel ofa charged partlcle (|on) is changed by the magnetlc S
field.2 The cosmic ray in the upper right of Figure 1.1 thus is deﬂected ' o
_ downward. ‘Such deflections- Qf cosmic rays)produce the *‘latitudé effect
* cosmic rays are more intense at hlgh [atitudes (nonh and south) than nedr o I
- ~the Equator. |, - . -_ . T
<ot ~Deflections of slower movmg lons—the protons and electrons in the solar R
P wind—are larger, and the Earth's magnetlc field has *‘captured’” many ‘of them ' ' ' ’
in the Van Allen belt® (named after physicist James Van Allen of the Unwersrty
. of lowa, who dlscovered it from measurements on'the ExplOrer 1 satellite in
1958). The cutaway view of Flgure 171 shows the doughnut- haped regions
. where protons and electrons are oscillating north and south alor& the magnetic
w lines of force (dashed lines). These charged particles spiral around'the lines
of force at speeds of several kilometers per second and are reflected back
where the lines, of force get close together near the magnetlc poles There = -
‘afe’ no sharp boundaries to the regions where protons and electrons are . - R .
oscillating, but the whole  Van Allen belt is between 320 and 32 400 - . P |
kllomewri altitude and extends all around the Earth. The peak mtenslty T S
. of protons_occurs at about 3000 *kilometers altitude, where the protons L
"have energies of more than 10 megaelectronvolts and a flux of more than~ _ _ .
<10 000/cm? sec < Because of the intensity of this “‘radiation"” in the Van Allen ‘," A
_ belt, this region of space is by %ar,the most hazardous to living organisms (and “*. ' ‘
to sensitive instruments) in spacecraft. (The NASA. Ploneer 10 mission found { S R
the similar radlatlon beltof Jupiterto be several thousand times more lntense ) o

~
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the magnetit field of the Earth and the V
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“"© . Figure 1.1  Schematic diagram of
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. TheEarth smagnetlc field is notas sunple asthe dlagram in Flgurel lwould e C -
"+ suggest. Its outer reglon‘sareaffected by the solar wind, and the * magneto-. B o
sphere *—the region of the upper: atmosphere that is dominated by the Earth’s
- ‘magnetic ﬁeld—has a*‘shock front"’ facing i into the wind-(more or less toward
,the Sun) and a “ail” stretchlng downwind. More important | for Earth :
satellites such as Apollo-Soyuz, the Earth’s magnetlc field has a “*'dent”” - : s oy
* over the Atlantic Ocean just east of Brazil that causes the Van Allen beltto ' ' "
. bulge downward toward the Eanh’ S surfacé in aregion called the South Atlantlc T - _
Anomaly This |rregulanty in"the magnétic field produces.a region of very: : AP
. " intense radlatlon in the lower part of the Van Allen belt there (about 1000 tlmes o T
. -. " more |nte?se thdn in nearby space) NASA scientists have learned- that some - o i
: " " instruments on spacecraft give: EITOREOUS readmgs while they are in the South o
- Atlantic Anomaly NASA’ sSkylab bta444 kilometer altitude, went t 0 ughit
' regularly ‘Apollo- Soyuzwasbelow itatanaltitude of 222 kilometers, where the

-_-'~ radlanon dose was: almost 10 times less’ than at the Skylab altitude. oo a o . o ".,’

R )

B Radlatron Effects on Ill, 'truments

Photographlc filmin cameras most of t eehectromc equlpment in spacecraft '. : o ./’.
-.and sensitive instruments deslgned to détect x- rays or far-ultrdviolet. light at S A .
~ affected by Van Allen ‘belt radiation-and ‘cosmic rays. The detectd S e e

“ themselves may “give - false eounts beca\nse a fast proton or cosmlc ray is ' o "
recorded _{This problem is avoided by ujing “antlcomcldence counters .

mstruments the electromcs are shlelded by

L tal containers. The spacecraft
= hull also provrdes sofie shleldlng for everythl

' lnslde ‘This shleldmg dan be-




T,

R et protons However most of the: cosmic rays penetrate a few centrmeters of L o

- e ! .- metal, and the few that .are absorbed. create ,“secondarres"—often high-. - '
IR 4 - energy gamma, rays. This makes.the exposure of astrdnauts and other llvmg

R . organrsms near metals ina Spacecraft very compllcated : PR o

SRR STR C Blologlca‘l Effects . ” L

o ' o ' When “‘radiation”’ (hrgh-energy protons and cosmic rays as we-ll as. gamma' Lo . ~~
, S i . - raysor x-rays) is absorbed in living cells, it ionizes atoms or molecules inthe L R

ERT - cell and may-disorganize or kill the cell ‘The loss of & few, cells, i inalirge el

»¢ . - T " organism such a a human usually doesn’t matter. Long exposure may do-. e

S harm, however, and for that reason x-ray technicians and astronauts usually

, . e wear photographic badges that show: how much exposure they. lhave-

SV " T accumulated Theoverall biological damage is measured in ‘‘rads.’’ One rad -

ST L (radlatron absorbed dose)-is ‘equivalent to’ 10 -3 joules of energy “absorbed

"~ per gram of tissue. For humans, the lethal dose is about 400 rads Hosprtal S PR o
. X-ray photog_raphs give less than 0.01 rad; and astronauts on long.space .. .

[

{;,'a, T missions have so far accUmulated only 3ord rads, which ‘has no srgmﬁcant L T

R C » effect. )ever, on future missions- of much longer durat|on cosmic- ray S
o o dosage .may be a serious matter: - EO SRR S e

N B e . The.biological damage by a single cosmic- ray partrcle is measured by its ° i

lrnear-energy transfer" (LET), whrch is.the cosm|c~ray energy absorbedper ... R
. micrometer of cells. or; llvmg tissues penetrated. The LET is larger for- hrgher o :
- energy, highly charged partlcles In space, the |mportant cosmijc rays are the
* heavy ones—the nuclei of carbon, nitrogen; and oxygen (atoms. of atomic -
. weight A stripped ¢ of all Z electrons)—that have kinetic energies E of many
- ~-millions of electronvolts (see: Pamphlet . 'Ehese rays. have an’ LET of lO
keV/um’or larger (LET is proportional to Z2E/A). i :
e o One’ unexpected brologrcal effect of cosmic rays was. the occurrence ‘of
T *light flashes,”” first reported byP\Astronaut'Edwm “Buzz" Aldrin on the-
o - " Apollo 11 mission to the Moon.in July 1969. He reported seeing the ﬂashes :
PO S " with his eyes closed Other astronauts reported the flashes, and they were -
- .  counfed and timed on later'Apollo and Skylab missions. As noted in Section- -
o o Ty, several complicated explanations: have been proposed by b|ologrsts and’
, 5 Coene T ". ‘ physrclsts (Actually, C. A. Tobias of the Lawrence Berkeley Laboratory had
: . predicted in 1954 that cosmic'rays would produce flashes in astronaut seyes,
- But’ few soientists remembered hls predrctron ) - EA o

RS A .
.




3 Some rocks were magnetlzed by the Earth ] magnetlc fie'td asthey were -
“formed. Meéasurements: show that the magnetlc ﬁeld has changed:in strength
' and du'ectlon dunng fhe past. 500 mllllon years What cquld cause thlS” -

SR - 4 If the Earth’s atmosphere were much hlgher what would happen to the B
B Van Allen belt?-. o RN

S Whrch would shleld photographlc film |n ‘a spacecraft better.
o --Vl-centrmeter thrckness of. aIumlhum or, a I-centlmeter thtckness of lead”

6. A 2000 megaelectronvolt cosmic ray “has an LET of i'O keV‘/y,m If thrs S

' ray were.to pass through your head how mggh energy would rema' 1in_the
cosmlc ray” . '

e e

Aruitoxt provided by Eic:
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2 nght Flashes in the Eyes

a 1 The flashes ofllght as reported by the astronauts, have various shapes (Fig. . N S

2.1). The varlety of shapes comphcatesthelr explanauon The snmplest ideais e i
thatacosmlc ray pasSes through the eye’s **detector’’ (the retma) and jonizes S R S
a few atoms’ or molecules, which results.i ina s:gnar imthg optic nerve, The . .~ . o
S sngnal is mterpreted by the brainasa* smgle star’’ (upper right in Flg.2 1)or: -
' % o perhapsa“comma ** The “dlffuse cloud" flashes however would seem tO'» I o : S
W ) be somethmg dlfferent Lo e T . U P Y

. R . e . o oL L

) Slar
(single Ilghl. :
point) o

'Long slreek
-{thin line; N
“of light} .

Double star Sl /. o
douwdle” . 10w ST
lightpoitsy . - L S e

] ‘J“.‘ I3 R !
i . " Hotdog . Comma - . L e S
o T wide ling- . (teardrop- L s : ' L
. of light) - shape) . e ' '
: L 1 B - o
W ] -
. t" . ’ s ‘ B B
. N . v ) : - . :‘ N "
PR L iR - Cloud
. Dcm?le streak o . (diffuse)
R & . he d ¥ " ' “~ ' !

Snow * -
more than
five short

"¢/ Supernova
‘& +(very bright ’
’ - -streaks) . .

fash) ~

' Shapes_‘ and sizes of light flashes noted in space and in cyclotron expériments..  Figure 2.1,

. ’ By

Aruitoxt provided by Eic:



One theory proposed by G G -Fazro a Harvard astronomer is that t-he
~ diffuse-cloud flash ‘is “Cerenkov radiation’’ produced in the astronaut's -
o - .=, eyeball: Cerenkoy radiation is a "‘shock wave'* of light ¢mitted when a - L
N ~ pamcle traveling near the speed ofllghtc (3 x 108 m/sec) enters a substance - PRI RN A
: o - . - inwhich the speedofllght lsslowerthan the. speedofthe pamcle (Inglass,or . ' -
: plastic, or the: human eyeball light- travels almut 40-percent slower thanc.) = .

" For-the "vitreous humor in the human, eye, . Cerenlcov radiation ‘would be .

‘ . .. produced whenever a 5000- megaelectronvolt cosmic ray passed into it. ~“The -
B o resulting flash should fill the entire eyeball It would be out of focus because .
o "+ . the vitreous humor is located between: the lens-and the retina. St;ch out- of- )

' "focus flashes could account for the I'CPOI'lCd'“dlfquC olouds wel R . B
" A third explanatlon of the flashes, proposed by T. F. Budmger of the S TP
-Lawrence - Berkeley Laboratory1 mvolves a-nuclear. reaction’ between hlgh- B S
.. -energy. protons and the nuclei of atoms in the retina (carbon mtrogen, and . .-
, P oxygen): Such nuclear collisions: produce. high-spéed alphia particles (helium: . = o
o B _ " nuclei).at the rate of one He** for each 250°000 protOns entering the eye. .~~~ 7 .
| T Budmger s cajculations show that when Skylab pdssed through-the South -~ "= v« . . -
TN Atlantic Anomaly, the intensity of hlgh -energy protons inside the spacecraft T
R : e * -would prodifte: ghtalpha particles per minute in the two eyesofan astronaut,” Sl
G " . - just as reported(Sec..2B), These alpha pamcleshave mass and energy hlgh,-»'_-.' '
e ' . enough to.produce stars and stréaks (Fig.2. l) whereas ‘the Van Allen belt -
. _protons. themselves pass through the ‘eyes unn ticed. - .
" In summary, there are ,probably at least three causes’ of. light flashes in -
. ~astronauts’ eyes: (l) ionization in the retma by high-mass cosmic rays (2)‘ PR
‘Cerenkov’ radlatlon in- the eyeball by htgh mass, very high" ‘énergy cosmic
rays; and (3) ionizatjon in the retina by alpha, pamcles produced by nuclear'.
COlllSlOnS w:th hlgh-energy Van Allen belt?protons '

a’

‘
Mg R

A Laboratory Expenments ‘With e S "f;'l-'«’..-"
‘Flashes in the Eyes S . ;

‘ o 'T F Bl}dmger the Prlnclpal lnvestlgator for Experlmerlt MA-106, andC A. I B
_ Ll Toblas. the Co-Investigator, conducted a series of experiments using high-, U
L WA ‘ _‘energy |ons fromacyclotron at Berkeley They.knew exactly whichions were = - :
| thesé artificial co$mic rays and exactly how much energy they had ina -~ -
PO narrow beam__ﬁeveral Berkeley physigists volunteered as sybjécts. Each was S
R S blmdfolded for.15 minutes or. .more (to adapt his eyes to darkness) and then e
glven a few short 'bursts of hlgh energy ions through the: eyes and head at SN
_-specrflc places Budlnger found.that-firing the ions through the brainoroptic- -~ . .
~ - 7. -nerve did not produce flashes but that firing them through the eye did. The ° f
oo speed (energy) of the ions was not hlgh enough to produce Cercnkov radla- '

£

W - ‘”e-‘.. -




tion; therefore Budmger and Toblas concluded tha( |on|zat|on in thefretma
was the main cause of the llght flashes in the eyes “of- the astronauts

Counts of Flashes in Spacecraft

S AT . &
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_The explanatlon of the light flashes and their drfferent shapes is strll upclear

atoms near the retina.that have been excited by the passmg cosmiic ray; as well

a8 from iqnization in the retina. In Earth rbltmg spacecraft such as Skylah,.
‘wher¢_ Astronaut.Bill Pogue saw’ about 8 flashes per minute while passmg

through ‘the South Atlantic Anomaly, there. are obviously many diff

.. kinds of i |ons (protons and heavy nuclei) passmg through the eye. On Apollo

fllghts to the Moon, far from Earth, there should be mostly heavy nucler, and
g ",theaApollo Aastronauts averaged 2 flashes per minute.

Apollo-Soyuz was in a much lower oibit than. Skylab and passed under-

‘ 'neath the South Atlantlc Anomaly It was expected, that careful ‘couniting :

. Budinger thinks that some.of the flashes may-come from- lrght, emitted by - o

~ - would show_thé cosmic-ray latltude effect adthe spacecraft moved from the 3

) Eqdator to.51.8° N and then o 51 8° S latltude

:‘_:_Expenment MA-106 R

_.'The MA-106 scientists wanted t|med counts and’ descnptlons of the flashes
.and separate measurements of the:cosmic-ray, rntenslty near each astronaut’s

o

head. They wanted to check the astronaut ] adaptatron to darkness by measur-

ing the faintest light that he could see just before the countmg started. kll this -
“ was accoggplished. with the equipment showrr;n Frgure 2:2. Two astronauts :.

" were. fit’te? _
mouth and a small, controllable light (“dlode )in front of one eye The two
men were placed so that thelr heads were heslde two cosmlc-,ray detector -
“‘boxes, and.they held pushbuttons to press each time that they saw aflash. The’
- _third ‘astronaut operated the light.controls and a tape:recorder that recorded
* each astronaut’s pushbutton count and his verbal descnpuon of the-flash and .
- the counts of cosmic rays from the two' detector boxes In effect me ’s eyes- '
~ were calibrated as cosmic- ray- detectors' :

with llght tlght masks, each wrth iicrophone . in front of/the

' In edbh detector box, thére were two /klndsof cos,mlc ray detec Is. One

by 0.3 centimeters. Cosmic rays have beén found to leave *‘latent tracks’’

Y

. was provrded by the German Co- lnvestlgators, who had lnvented it atthe =
Nuclear Physrcs Institute in Frankfurt It uses srall wafers of silver chlorlde_ -
- (AgCl) crystals doped with cadmium (Cd). ‘Each AgCl(Cd) wafer was 1 by 2

~

.-,_AgCl(Cd) that can. be developed like photographlc filmn However, the unde-' : S
» 'veloped tracks dlsappear in-a few mmutes unless they are “frozen rn" by‘

"~'f-;.
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 Figuié zé‘ Expevlment MA-108 layout e

]
_on'

é‘a’*

shlmng lr-ht on the crYstal Then when the prystal is developed the tracks
 made while the lrght was on (and no others) will show as black lines. The -
thlckness and gralnrness of the hnes’show roughly the ion type and speed or .
energy
The AgCl(Cd) wafers were put in four small boxes one ofl each srde of a)
T small electric lamp ineach box. Orte lamp was turned on while Apollo-Soyuz
R “was at 50° N latitude, g second one while the spacecraft was near the Equator,. .

L

AgCI(Cd) crystals © Ly,

7C0nlrol dnit i e,
Crystal detector selectlon K B

‘a thrrdone near the Sodth Atlantic Anomaly; and the last one over the: Pacrfic* 3 -

- -Océan, all during one orbit'while the astronauts were éountrng flashes. After
A ' Apollo-Soyuz splashed.down, the crystals (still in their. lrght trght bees)
(. o - were sent to Frankfurt for development and anal sis. '

S e e
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The seconyet%ctor was acosmic-ray telescope developed by the Pnncrpal
lnvestrgator and Co-Investigaters at the: Unrversrty of Cal ifornia at Berkeley i

This detector depends on the effect.of a cosmic ray. paﬁsmg through a- slhcon.-' :

- _' « solid-state junction. The effect is a pulse (count) in the-electric current flowmg :
: through the j junctron Budmger made a stnp-shaped _|unct|on‘(top of* Fig:2.3) -

that ‘detected a cosmic'.ray anywhere in its 17- mrllrmeter length and
3-m|lhmeter ‘width. He put four of these' detector strips op €ach of four

0.3 mrlluneter thrck silicon’ wafers. He used two of these wafers crossed ata.
‘90° angle,.as shown in Frgure 2.3, to measure x and y where the cosmic ray .., . -

enlered the top of the telescope That rs,,rf he got a pylse on thex = 3stripand -

“a pulse onthey = 1. strip, the cosmic ray entered sqmewhere |n the square
Patch labeled 3, 1 A R : -

! 'El_ectrlc leads

o Top view of ek -
Vowaler  © a0 _crossed x- ywalers . Electric , - X walet
N e, R R % .., leads.

fi’ ' 34

leads’~ - .- . . . ST - Costhic /-

RV
Crossed waters

| ..Telescope I 3 - \o};\e\r\h}te\\ E o b B
. i . nergy absorber
(side vnew) 1 .S_mm \2\\\\\\\ gy abso ber,

[ R S

... Crosséd walers

g g T o

/E'-AE el -.-’E'u T

g
: |

’ Cosmlc-ray lelescope for Experlnient MA 106.

. Flgure'g.a
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crossed ‘wafersand smaIler from the lower crossed wafers) gave an estimate of -

as mlrogen nucler wrth 400(lmegaelectronvolts of energy)

MA-106 Results

" Light Flashes and Cosmlc-Ray Intensny

i A plot of Apollo Soyuz orbrt number 111 around the. Earth from 15: 00 to_"
" 16:35 GMT on July 22, 1975, is shown in Figure 2.4, Each of ‘the 82 flashes .

reported by the two blindfolded astronauts is plotted by one of the. five

o symbols listed on the left. There are 42 star flashies, 1 supemova, , 26 streaks or - '
. “hotdogs ** and 13 commas. Note that there were few flashes reported near- ' - -
the South At.lantrc Anomaly (SAA) or anywhere nearthe Equator Mostof the S

July 22, 1975
*.Revolution 111, .
. 80° . i

P

e Star .
. = Streak,
| |-+ Comma, . _

.+ 4 Hotdog ~
" ® Supernova.

,\
)

g 1'6135

T aMT 3¢

150° 120° 90° 60> .30° - 0 . 30° %60°. 90° ,120° .150° 180° '150° |
Longitude. : P

Orbit trick ‘and locations of reported light flashes in Experiment MA-106.

g

~

At the bottom of the telescope, 15 mrlllmeters below Was another pa1r of Lo
-y ‘wafers, and a-cosmic .ray is shown gomg through x=1, y = 4 there. . :
Betwe‘én the two.’pairs of -wafers was a 5- millimeter slab. of copper that - R
reduced the cosmic- ray kinetic energyE by an amount AE that depends onthe .
cosmrc ray chargeZ and its energy 1/2 AvZ, ‘where 4 is the ion'mass in atomrc”_"' o
 units and v is'the velocrty Therefore, the’ pulse sizes (larger from the : top_ BEN

" the kind of cosmic ray -that passed, as well as its direction. The smallest .
detectable pulse (giving'a count) corresponded to ap LETof 10 keV//.Lm (such .

o
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LA o flashes"é'te seen between. 30° and 50° N latltude and between 30° and 50° S
' .. latitude. Apollo-Soyuz at 222 krlometers altitude was clearly below the South
7. Atlantic: Anomaly, d the cosmlc rays that cause. flashes are more frequent

far from the Equator, a exp cted from the’ latltude effect. thureYrS showsa
. plotof the measured intensity of cosmic rays with LET larger than 15 ke V/sim. -

compared to the -numbers. of flashes reported by the astvonauts in each. . . “‘« A

.3-minute sggmentof the 90- mlnutedurétlon of the experiment. The two peaks ', o
. N arethe high latrtudes of. Apollo-Soyuz at 15:06. and 15:52GMT. The. matchis " .
B  fairly good and shows that the light flashes are: ‘caused. by the- high-energy - - -
. o cosmtc rays that dre deﬂected in toward the north and south magnetlc poles of .~

-

:....‘,theEarth " o : : N
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e e Questlons for DISCUSSIOI‘I T e e

C T, ” (Flashes Cosmlc Rays) T B RRTUNRE BEEE o
: " . N . . ’. ‘ ’ . N N N R Ve . ’- . )
%‘ e oL lf the astronauts had started countmg ﬂashes wrthout waltmg fqr therr v .

. eyesto become adaptedto the darkness what errors mlght have been made,m Al ;-_ﬁ

therrreports" o .‘ % Lo e
_ '8. Wh |le Apollo-Soy uz was between‘3'0° and 51 8° l;kdc((nonh or south),
. S the astronaut§ reported 34 stars, 1 supemova 7 commas, and 21 streaksin - -
- - about 63 minutes. Wﬁlle between 30°N and 30" S latitude, they reported 8 . '
~ "+ stars, 6 cominas, and 5 streaks i m aboun30 mmutes On the way tothe Moon.
far from Earth, Apollo astronauts counted 2 or 3 flashes pef minyte. What can
Y be concluded about cosmrc rays and flashes from these nurhbers" - . -

L. .9, The cosmrc-ray Lelescope detected rays that passed through both palrs of
B crossed wafers What cosmlc rays d|d it mlss" _'_- ‘. L B e

o 10, If the numberof flashes permmute had been much hlghel’ what kmdof _
. error mlght have been made: in the’ astronauts repOrts"’ _ N __‘j R

11 The amﬁclal cosmic rays used in the laboratory so far to produce hght S
flashes are not of high enough energy and. mass to produce Cerenkov radla-
, tion, If higher energles and mass are used someday, what results would you .
. 'expec(“) o R SRR e ‘

- v

Uy




3 Cosmlc-Hay Effects o/n
Bacterial Spores, Seeds,
and Eggs | ~

_ Small orgamsms can be camed.aboard spacecraft in large numbers ang | the
_- '_ : effects of costhic rays on.them, can be. measured statlstlcally Furthennore» it
RO ls‘p0s51ble' to count the aetuz{l number of cpsmlc ray™hits, ** rather than’ _]US(\

E -.f measure'the cosmlc ray mtensrty near.an astronaut s head, as was done inthe -
nghtFlash Experiment In the Blostack lIl Experlment (MA- 107), mdlvrdual e

) cosr’nlcrays weri ‘tracked through layérs of,bacterral spores smiall seeds, and - -
- eggs mterleaved’wrth layers of AgCl-crystal wafers,’ specral:;plastlc and ¢
special photographlc film that reglstered where egch .cosmic- ray pamcle :

"-'13

passed

rays T
".-\ T N

A HZE Partlcles (

The most damagmg cosmlc ray partlcles are those with hlgh electric charge

sk (htth ‘the atomic number) and high kinetic énergy E. When such H lgh-Z _

ngh -E (HZE) paiticles pass through a'substance, they, leave a large amountof_:

e energy“along their - track—energy that ionizes ‘the  atoms and: d|srupts N

P molecules. In some plastuis the material along the. track is so changed that i it

+ '+ .can.be “‘etched’ out by’ sodlum hydroxide (NaOH a strong alkali), leavmg a
-thin tube along the track/ “The HZE tracks can also be seen on ‘‘nuclear track -

‘emulsion’* (a speclal phor,ographlc film) afte‘r it is developed. (The srlver

' "u{ ) * chloride, -AgCl, §s broken into ‘silver (Ag) and chlorine (Cl) alorig the track,
.0 N yand-the silver pamcres show’ black on the developed filfn.) The entulsion is _
' spread thlckly 0.6 m|ll|meter) 6n the film, and physicisks can seohthe HZE J

tracks in a” microscope s little black lines at various. angles thiough the’

T emulslon ‘As noted in Section 2C; large crystals of AgCI(Cd).also record N

HZE tracks whlle they are illuniinated with yellow l|ght N
The MA- 107 scientists uised all these methods to record ZE tracks through

. a sealed stack of 27x7 wafers about 10, cenumeters in diam ter (Fig. 3.1). The - -
. _hetght of the stack was 12. Scennmeters and the sheetsof spores sedﬂs and

.. eggs were’ interleaved -with- cellulose nitrate plastlc CHR, polycarhonate

C P plastic (Lexan) and nuclear-track photographic film. Figure’ 3 2 sliows'a

_ -small part of the stack in Contamer A. Each of the two layers labeled P has

: The obyectlve of Expenment -107 was to deterrﬁne the damage caused N
by cosmiceray hjts on thesé small living orgamsms ‘especially the changes ...
*(mutaioris) in- thd organisms as t'hey grew in the, laboratory after the mlsslon . R
- From these studies, we hope to learn whatdamage cosmiic:raysmay dotomen - - -
.‘and women on long spacefhghts The - Principal lnvestlgator Horst Biicker, - _
... . had32 Co- lnvestrgators‘ who'swere. experts in various biological fields— -~
.. spores, bactena multlpllcatlo 4mutatlons development of seeds growth of .
" plants; and development of 's and msects—as well as experts on cosmxc o

oo - : " R s . o . R R ‘ e '- E ..r. .
. a. .

e
s




oL . .Figuse 3:1 Bloot

11! Contalner A and Container B for Experiment MA-107.

a smgle layér of seeds embedded in polyvmyl alcohol (a kmd of glue) The
+ etched tracky in the CN sheets showed the path of an HZE particle through the S
stack. The HZE: partlcle often passed through one Or more spores, seeds or =’ .
e‘é\;s's?jvn in Figure 3.2. The size of the etched tracks on CN and Lexan: -
'show ¢ energy and approxlma(eZ (ion charge) The photographlc emul-
‘sion detected lower energy tracks, and the AgCl(Cd) crystals.in Coritainer B
7 recorded the lowest energy cosmic rays (1 keV/pm: LET). The crystals - '
showed that 1500 cosmic, rays passed through edch square centlmeter ofthe =
VApolld“spacecraft during the 217 hours that it was in orbit. o ‘
However, of these 1500 cosmic raysicm?, only ‘1 percent were HZE o
- particles (with Z, greater than 6) that produced: wide: tracks in the CN etched -
with NaOH. It is this 1 percent thavig expected to cause damage rather than. *
. either the lower energy Jprotons (Z = 1) or the alpha particles (Z = 2). From
the different numbers of tracks in the crystals, photographic fi Im, and etched
T plastlc, Bucker and his Co- lnvestlgators were able toestimate the spectrum of
- the cosmic- -ray energies plotted in Flgure 3.3. They alsocounted “dlsmtegra-
tion stars” like the one shown in Figure 3.4, where an atomic nucléus
. exploded (upon capturing a pion), resulting in many-short tracks (100 to 200
- mlcrometers) going in all du‘ectlons There were about 3500 of these starsper
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T cubic centimeter of :photographic emulsion, ahd'hfesﬁ'mab’ly about the same
- numbergundetected) percublccenumeterof spores; seeds, and eggs. Because
~* .. -these disintegration stars release nuclear energy, they are thought to damage
L hvmg orgams’ms llke HZE parucles do ' S . :
. . o : \ .. o ‘ - hl_ Césmig:‘l-ray partice /. |
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: Pari of ijstack il Container A with cosmic-ray track.

Figure 3.2
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l\ . . Disintegration-star tracks magnified 500 ilrﬁg_s.

B 4 Mapping the HZE Hlts 4
L “The: FLrankfurt scientists . built a- very accurate “mlcromampulator ‘ ith
5 - which: they could pick.up spores of |-micrometgr size and place droplets of

"NaOHona partly etched cosmic-ray track witha precrsian of 0.1 micpomater.
- They had miicroscopes arranged to measure x and coordmates on the plasuc,

L sheets and films to an accuracy of 0.1 microm o
"~ - The pnncrpl'e of mappmg the HZE tracks through several sheets of plastnc

v

and two layers of seeds is shown in Flgure 3.2. Because the NaOH used (Og.\-

~etch the HZE tracks in the plastic would kill the seeds, the seed layers were

sealed between two plastic sheets while the sheets were etched in NaOH for 18
‘hours. This etchmg process started asmall.conical hole i in the plastic surface -’
.. " wherever an HZE pamcle had passed:through. With the mlcromampulator e

. . the scientists then put droplets bf NaQH into the hole to make it deeper and
* - ... deeper, until it almost reached' the seed on the other side of the plastw' '

- (Fig. 3.5). This process was repeated for about 3000 tracks on 35 sheets and - -

- _enabled the soientists to |denufy 186 seeds and 409 eggs hit by HZE particles. "
= - The spores were so small_that when the scientists measured the distance -

o - from the center of the spore to the nearest' HZE track, they found more

than 400 spores wrthm lO micrometers of a track 22 of them were wnhm .

1 mlcrometer

Aruitoxt provided by Eic:

-
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. Figure 35~

<

Apollo Soyuz S . R

Etch cone of ari HZE-partlclo tuck in’ CN. coVorod wlth Arabldopsls thallana
uods In polyvlnyl alcohol (PVA)

-~

L I

MA-1 07 Results on Blologlcal Damage
From HZE Hlts <

After -a spore, seed or egg W

plamed and all the eggs wefe incu ated to hatch. Two comrol groups——one  of

" spores, seeds, and eggs from Biostiick 111 that were not near an HZE track and,.'.
onegthat remamed in Frankfurt du ‘ng the ﬂlght—were handled in the same
" way. :

“The. MA- 107 scientists were aw
mlght affect the spores,, ‘seeds, an'

damage from an HZE hit. Thls is why such a'large num\ber of small organisms’
(about 5 X 10" spores, 23 000 seeds and 30 000 eggs) were camed on

A

22

1denuﬁed as havmg been “hlt " n was’ 2
carefully removed- with the mic mampulator The spores were placed jna "
known place (x and-y measured) bn a nutrient Jelly Some of the seeds were -

e that factors other: than the’ HZE hits
€ggs. . For instance, they might have -

 become dlsrupted by one q;r_',r,nom the disintegration stars (Fig. 3.4), or have', :

_ been hit by low-energy cosmic rays, or hiave been affected by Welghtlessness' .

(Pamphlets Fand VII) for9 days in Apollo-Soyuz ‘There was also the chance . -

that the HZE hit did not.pass through a vital part of the sporg, -seed, of egg..

- Like. fhany: blologlcal expenmems this expenment had to be statistical,.” .

combmmg the effects observed'on many i individuals to give'the probabzlity of -




a
Manlpulatlon al grdwth"of a single Bacillus 'éubtiif‘s spore. The spore t6 be -
.removed is shown at the end of the rigedle in (a); :the spore has been removed -
Cin (b). Increasing lncubatlon times to'250 minutes are shown in (c) (d), and (e)

. 8 andl tITe colony after 24 hours is shown:in (f)

. . .
. A

Q

ERIC
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Figure 3.7

O

ERIC
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- -Percéntage of.spores forming colomes . -
1 4
s
"

The spores were. smgle-cell “eggs of Bac:llus subnl:s bactena When L

" .*‘plantéd’’ in warm nutrient jelly, they’ normally produce a colony of bactena o

7 ‘that multiply rapidly after a few hours (Fig. -3.6). The fraction of spores that - -

. formed colonies is plotted in Flgure 3.7 against the distance from an HZE - .

. 'track Only 68 percent of the 2 spores that were less than 1 mlcrometer froi .
* an HZE track were able-to.form colonies, w whgreas 89 to 90 percent-of the 50

spores-in the control groups formed colonies:-The fact that 50 spores ¢ carried _
- on Apollo-Soyuz (but located'more than 'S0 mlcrometers from any. HZE track) - - °

* performed just like 50 spores i in the ground control group ‘shows that no ot‘he‘r SRR

. factor affected thenh. - o : L
-'Ninety seeds of the Zea mays plant were hlt. by HZE pamcley&nd 17 of- o
".these were planted m’tmedlately (The others were .grown latert) Fifteelr P

Distance from HZE track, um -

l'-’.erce.nt'age "ofrspo_ros' _tornplnﬁ‘ t:ol_o‘nleé: - )

w 'L o v
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) -,plants sprouted but five ofthem had smaller leaVesthan the64contnol plants \ R
 Eighteen seeds of another plant (Arabidopsis thaliana) were: hit, but these . o
* 'young plants showed no significant dlffenences from the control plants oo T S

" Most of the eggs hit by HZE pamcles rshowed serious damage. The -~ . -~ 1 v

. jnumber that hatched was lower thar j i in, me ontrol ‘groups, and some.of the' DR e o
.- &~ larvae were deformed (Fig.. 3. 8). By ‘eareful observation and. mlcroscoprc P
R ... . . dissection, the MA-lO7 scnentlsts hope t’o leam what parts of the eggs: were' BV
"+ vulnerablé to HZE Hits. . .- ' e . 2
S “Much more research is needed. before these studles can be apphed tQ-the ™" . IR
: questlon ‘of; how HZE pamcles and other. radiation in spacecraft may injure : . Lo N L
~ " men and women oyer-long penods of time. Itis worth notmgthat theeggsand = - . B
S spores camed on Apollo-Soyuz m Blostack 1 are known to be more resistant C
' n man is.. The lethal dose (a dose that kills 50 percent of' the’ SRR

""¢ . andabout \ 000 rads for the s spores.: Assummg that the damage by HZE "+ >
SN .'p-'cosmlc rays 1 similar to the damage by x- -rays, mgn and women shouldbe - - - - . o« 0o
- more vulnerable to. cgsn‘uq\rays than the small organisms camed on Apollo-- A

- S T
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Questio, _"for Dismn EET I
(Cosmlc Rays) oo T

- 12. Why' should high-Z p iél\e's‘ make ‘larger tracks ana'cadse.mor‘é R
bxologlcal iamage than protons of tﬁesa\me klnettc energy? '_- Cr

energy cosmtc rays?

' -;,';' TR
14 At any one moment dld cosmlc rays come m &H’* i

, Flgure 3.5?7:

15 Can you tell whlch way the }!ZE pample moved al ng the track in-
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- Mass -units,. and direction: -of motion (two angles needed) Note that because
the ions are completely stnpped of electrons, the atomic numberZ specnfiesA
(because Ais approxrmately 2z for most elements)

2 (Sec ID) Venus has no magnetlc field and therefore no Van Allen belt

_ 3 (Sec ID) Changes in the Earth’s magnetlc field detected by companng‘ e
the magnetlsm of old (dated).rocks: w1th the present field drrectron couldbe. o
_"dueé ‘to two causes: (a) the currents in. the Earth’s core changed thereby

changmg the” magnetlc dlpqle. or (b) contmental drift (see Pamphlet V)
“moved the rocks from where they -were- fol'med to a dlfferent place

(Sec 1D) If the Earth’s atmosphere were drawn on Flgure L. 1,it would?' '

‘- ._.-:‘(usually given a as klnetlc energy E ). |on chargeZ (posmve), maSsA m atomlc '

,4'

extend only-1 millimeter or so above the. clrcle representing the Earth. The: L

“electrons and protons of the Van Allen belt are reflectéd back .in-the’ .polar

- regions;, much hlgher than this. However, if the atmosphere were 10 times

thlcker, it woitld mterfere with the north-south oscillations of the electrons S

“and protons at each end. The electrons and protons would be absorbed and the .

,Van'Allert; belt wouldbeellmmated L .

5 (Sec ID) Lead has hrgher denslty (llv3 gm/cm") than alummum (2 7 -

gm/cm"), therefore, alead shleld of l-centlmeter thickness has much more

. mass. lt@s the mass-per unit area that absorbs cosmic rays—and x-rays, sol-.

centrme r of. lead is the better shield. (The productron of secondary gamma’

) rays in both shlelds——-more in lead—makes an accurate answer more complex -
than thrs ). lemg t|ssues have a denslty near 1 gm/cm" : '

(Sec lD) Your head is about 16 centlmeters or 160 600 mlcrometers

 thick -The 2000- megaelectronvolt cosmic ray would therefo.l'e lose.1.6.x 10°-

kaloelectronvolts or' 1600 megaelectronvolts and come out w1th only 400

megaelectronvolts of energy L ._ L _ , "

B R (Sec 2E) If. the astronauts had counted- ﬂashes before thei{ eyes g(ad-
e adapted to darknéss, they mlght have missed, some.oftthe smaller, faifwter -
: flashés at the. begmmng of the expenment The"PnnCIpal lnvesugator wanted t

the ‘sare’ eye sensitivity to flashes throughout the expenment

8. (Sec 2E) At hlgh latltudes the astronauts counted 63 ﬂashes in 63.
mmutes, neéar the Equator ‘they’ counted only 19 ﬂashes in 30 minutes, which
s equlvalent to 40 ﬂashes in 63 minutes. The hrgher rate at hrgh lat|tude{ -

- 'L«??-'ff'._ |
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S . .shows that the mtensrty of cosmrc rays there more nearly r:sembles the. D
" '._- b mtensrty of cosmrcrays-farfrom the Earth where therate was20r3flashes per .
. minute. ‘(Note that' the Earth cuts_the cosmic-ray intensity in half fora . .
'low-orbltrng spacecraft because it. shields one side, On the way to the Moon, L
.. Apollo had no such Earth shield.) The ratio of streaksto stars and commaswas * o
.21 to 42 for hrgh latitudes and 5 to 14 near the Equator These ratios may show ’

S e .'some differences inthe krnds of cosmic rays coming in to polar and’ equatonal
S gE regions. (There lsalsosomequestlon about the relative sensrtrvrtyofdrfferent_
PTESL astronauts eyes to ﬂashes but the. |nd|vrdual repons are not avarlable )
LT e 9 (Sec 2E) Flgure 2 3 shows that the “ﬁeld of vrew" (Pamphlets II and* " -0 oL
. AR /k\ 'lll) of the. MA-106 cosmic- ray telescope was about 77°. That is, there,is a.. .
S S ""cone in which all the rays: were-counted: 12 mrlllmeters wide at’ the top,

, e . ., -coming to a point at the*‘Q‘gpter and 12 mlllrmeters wide at the bottom, -

— oo IS millimeteérs below, hngle()ofthrscone ishalf the ﬁeldoerew andtan' S
o " . 8= 6/7.5=0.80,an '9.= 38. 7°The telescope missed all the rays comlng Coro

A in from the- srdes (and-a few betwcen the Junétron stnps) c 5

10, (Sec 2E) Ify the flash rate were much hrgher dn astronaut mrght see two',
‘ or three flashes almost atonce and thmk that he saw only one. Then he would. R
S report fewer than the actual number of ﬂashes :

. i s T :
,4 'N 11 (Sec 2E) 1f 5000- megaelectronvolt neon ions are someda fired lnto.
" human' es, they should produce Cerenkov radlatlon in the eye'ball These T T
' would be\seen as “dlffuse clouds” (Fig. 2. 1) CO sgf'.ﬂ e
DR - 12, (Sec 3D) The larger electnc charge on a hlgh Zi lon produces strong .
o electrlc forces that extend: farther out on all sides thah do those from a proton R I
@S 1), The lomzatlon along the hlgh -Z ion path thus extends farther outin . o
Lo plastrc or lrvmg trssue ‘and affects a larger volume along “5 track e

13 (Sec 3D)The “bendlng" of a cosmlc ray by the Earth 'sgghagneuc ﬁeld ,
in Figure 1.1 s cau’séd by a force. perpendrcular to ’both the, field- and the.
pamcle ] velocrty vector v, Thrs force.is propomonal to,the |on s* hargeZ and K
speed v, but.the acceleratron 4s, mversely proportional to its mass

" much larger fOl‘hlth Therefore HZE parucles aredeflected lessbecause of T

. . plarge A5 and also because the: acceleratlon produces less bendlng at higher ' .

R *“‘ speed. (The ‘tadius of; ccurvature is propomonal to Av/Z )The latltude effect.
T P will thusbe smaller for HZE costhic rays e :

e 14 (Sec. 3D) The Earth is-an effectwe shield, :so there were never any -
S ‘ cosmrc rays. dommg-:up froty Eargtrfoward Apollo Soyuz - \



15. (Sec. §D) Unleés the ;rack ends, there is no way to tell whxch way the L I
: cosmic ray was moving; (However, itis more likely that the ray came fromthe ~ .~ . - - .~ - PR

R bottom end of Biostack III, which faced the Apollo cabm wall unless Apollo_ L : o
et was rolled s0. that the. wall faced- Earth ) R R

Y
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Appendlx B

siUnits. "L T
Powdrs ot 10 '

lyr—3156x iO’ e S
lday—864X10‘Sec EUCEEETEE . S
Thr= 36003ec L

C913K = 0°c“__32°1=
'3731( 100°c—212°1=

)

Area ~ »{_-‘ 10* cm? = 1o 8 ft’ AT

.

: qulur'n'e[.';_'

. #

* Frequency T Hz- lcyclelsec "' . .' -,

"1 kHz:='1000 cyeles/sec . ~ 7 -*

i . l MHz = 10° cycles/sec ;
3 K Density . " . ",— 0 001" gm/cm’ '

| 83"1,"&" = de"Slty Ofwater - R

Speed; velokity, . - | C
CForce v Ly o Ty U FRROST NS 108 dynes =024 b

ERI!
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" Symbol _ Conyersion fadfor *

R Ca X

"I Nlm? = 1145 X 10

= 9:239__'&1"__ re.

N

Tr
4 P

2

e 5

AP eV " l eV'=—_-,,'/l."_6.0'x ,l('_)."’_“" 'Y lJ =’; ipf_erg.<- C '

EM R

) Photon energy -

Poiver
- .Afomic. mass . atomicimass unit

, Wavelength of -
‘light

Aruitoxt provided by Eic:



L2

~

..~ " Factor-by which unit:
-7 is multiplied |

- pico o L e

R

74"10'.,’
2
| 0 |
100 -

T

-

v
S

. Powersof 18"}

e

B “\;Ingreasing <

S aer=100
e

T

. -lb‘ = -l(')IOO(.‘)...etc.‘ o
: 4E;a;np'les: . y
2% loo=200000(; o

U gk 10% 272 followed by 30 zeros.

10 =
1073
1074

E‘xar'nple:.,"

1/1000 = 0.001"

11/10 000°= 0,000 1, etc. -

. P

>

/5.67 X 10% = 0.000 056 7 .

L




R A

B References to sectlons, Append|x A (answers to quesnons) and ﬁgures are it 7
T 'mcluded in the entries. Those in‘italic’ type are the most helpful: _ .
. :AgCl(Cd) crystal silver chlondelwrth a ‘'small amount of cadmlumvadded '

o *’ used to record cosmlc -ray tracks (Secs 2C, 3, 3A Flg 2, 2) -

Cerenkov radiation the vtsr le. l,lght emmed by a pamcle travellng near the' "

speed of l|ght when itentérs a substance where the velocity of l|ght is less
‘than the particle’s speed. “(Secs. 2, 2A, 2E; App. A, no. 11) .

' '-CN (cellulose nitrate) a. plastic in which HZE tracks can be etched wrth '

‘NaOH. (Sec. 3A; Figs. 3:2,3:5) * ~ . . ™

. '_“Co-lnvestlgator a screntlst worklng wrth the Prmclpal Investlgato#on a

)

IR

A

oy

e

' cyclotron a-machine that produces very ‘high speed’ (h:gh energy) ions by L

. NASA expenment Cae :

- control group a group of mdmduals (spores seeds eggs people) with the

- - same characteristics as ‘the: expenmcntal group and. treated the same-way , -

except for the one factor (such-as ‘exposure to cosmlc f%ys) that is bemg. '

-.\' tested by the’ ‘expefiment. (Seo:.BC Fig. 3.7) - :
‘cosmic ray an extremely high speqd.lon a strtpped atomic nucleus Solar

- cosmic rays are blown out of the Stn; galactic cosmic rays arrive from all -

directions. (Secs. I, /4, 1B to 3E;  App. A, nos..,3,6,8,9, 13 to 15;Figs. -
11,23, 2. S 3.2,3. 3) See HZE, ion, radtauon irack also see Pamphlets
I and Iil.- :

count one pulse of current or voltage from a detector, mdrcatmg the passage :

of a photon or pamcle through the detector. (Secs. 1B, 2C).See telescope.
" Light:figshes were counted by astronauts. for Expenment MA-106 (Secs
1C, 2B, 2C; App. A, nos. 7, 8, 10; Flg 2.5) -

" whirling them around in a magnetic field. (Sec. 2A; Fig. 2.1) -

dislntegration star several pamcle tracks, from 100 to 200 micrometers
long, starting from one point, showlngthe exploslon of an atomlc nucleus
.(Secs. 34, 3C;.Fig. 3.4) -

electronvolt (eV) a unit of '.3'13. ¥ eilual to the kmetlc energy of an electron
accelerated: from rest by 1-yolt:- 1000 electronvolts =] klloelectronvolt .

1000 klloelectronvolts 3 gaelectronvolt or 1.6 X 10 B3 jOUlC

e




R

cnergy hlgher ‘than x-rays (hlgher than about lOO klloelectronvolts)

confuslon with other time zones. See Pamphlet ..

e '_.HZE particles cosmic rays wuh high atomic number zZ and hlgh klnetlc .
energy E; atomic nuclei of atomic numberZ greater than 6 and-energy E A' L
greater than 100 megaelectronvolts (Secs 3A 3B 3C App A no. l3"_

Flgs 3.5,3.7,3.8)

_ion an' atom, with one or more electrons removed or, more rarely. added .
_ Cosmic-ray ions have all electrons removed and jonize other atoms asthey -
: passthem athlgh speed. (Secs lA lC 2to 2C, 3A App A nos: 1, llto -

"13).

o junctlon the 1nterface between two SOlld matenals ‘A SlllCOn solld-state .
. junction passes a pulse of.current: when a cosm1c ray passes through (Sec.

. 2C; App. A, no. 9; Fig. 2.3)- T
" kiloelectronvolt (keV) See electronvolt. . .= " - e

latitude effect the. decrease of cosm1c-ray "intensity. on Earth from hngh

lamudes 6 the Equator. (Secs. /4, 2B, 2D; App. A, nos. 8, 13)

LET (lmear-energy transfer) the energy lost from ‘a cosmic ‘ray: per. . .-
* micrometer along its track as 1tpassesthrough llvmg tissue: It is also called Lo

. **stopping power.” (Secs. IC, 1D, 2C, 2D, 3A; Fig. 3.3) - gt
Lexan’ polycarbonate plastic in- whnch HZEtracks canbeetched wuh NaOH SRR

(Sec 3A; Fig. 3.2) | .
MA 106 the nghtFlas Expenmenton the Apollo-Soyuz m1ss10n (Secs l
2A2C 2D; App. A} no. 9; Figs. 22(025) e
MA-107the Biostack 111 Expenment (Secs. 1,3, 3A103C Fl.gs 3. lto3 3)

TR magnetic dipole a bar magnet with a north pole at one end.and a south pole at -

the other. Electric current in.a conl of w1re«produces a snmllar magneuc
“ dipole." (Sec. 1A; App. A; no. 3 Flg l n-

. magnetic field the strength of the magnetlc force ona unu'magneuc pole ina. -
region of space affected by magnets or electnc currents. (Secs lA lD R

App. A, nos. 2, 3, 13;-Fig..1.1) ™

- magnetic linesof force theoretical lines g1v1ng the direction of the force ona . -

_ . test magnetic pole at any place)m a magnetic field. (Sec.. TA; Fig. 1. 1) o
magnetosphere a region around the Earth which the solar wind’ cannot -
_‘penetrate ‘because of the Earth’s’ magneuc field (Sec 1A). - A
- megaelectronyolt’ (MeV) See electronvolt JEZE T
mlcrometer (p.m) one-mllllonth of a metér, formerly called a mlcron

B

: Gamma rays are produced by ‘nuclear- reactions and other ‘processes-in* . - -
-,'dlstant regions of space. (Secs. 1By 1C; App. A, no.'5) See Pamphletll Sl
_ Greenwlcll mean time (GMT) the time of an event, from 0 at midnightto 12.° 7 . -
;- hours-at. noon to_24 hours ‘at- mldmght as measured at 0° longuude o
(Greenw1ch near London. ‘England); used on’ space mlsslons to avond.; o

PR



' o Milky Way Galaxy a drsk shaped group of more than 100 blIhon stars
.. including our Sun. (Sec. 1A) See Pamphlet 1. o
- ... mutation-a change in the DNA (deoxynbonuclelc acid) “code,” usually
. caused by a cosmic-ray passing through the nucleus of a‘cell that controls

development The developed-ofganism, amutant differs from others inits . .

species, (Sec. 3)
' NaOH sodium hydroxlde a strong ‘chemical used to etch CN and Lexan

plastlc so that cosmlc ray tracks through the plastrc will show (Secs 3A

ol nutrient Jelly a culture medlum made of agar sugar waterf and other . . 0

_ materials needed as food by growrng bactena (Sec, 3C)
_ orbitthe path followed by.a satellite around an astronomical body such as the

. Earth-of Moon. The orbit number was used on Apollo Soyuz to |dentrfy the e

- .time: (Secs. 2C, 2D Flgs 24,2.5) .
- .pion an unstable nuclear particle (meson) of mass between the electron and
‘the proton that can cause an atomic nucleus to explode (Sec. 3A)

R Principal Investigator the mdlvrdual responslble f0ra space experlment and" '

for reporting the results. -

-proton a positively. chaiged atomlc partlcle the nucleus of the hydrogen

_"atom. lonized hydrogen is. made up of separated protons and electrons
(Secs 110 1C 2,2B, 3A .3D; App A, nos. 4, 12; Fig. 1.1)

PVA (polyvinyl alcohol) an inert glue used to hold small spores, seeds, and-
T eggs toaplastlc sheet in the Blostack hiii Expenment (Sec 3A Flgs 3 2
o 3.5) e
‘ rad (radiatlon absorbed dose) a umt of radlatlon damage to llvmg
.- organisms; equal to 103 joule absorbed per gram of tissue. (Secs. I1C;.3C)- .
- radiation a term used loosely to include cosmic-ray particles and high- energy -
pmtbns as well as penetratmg electromagneth waves (x-rays and gamma
rays) (Secs. 1, 1A, 1B, 1C,3C) "

. 1. w
"retina the reglon at the back of the eyeball formed of nerve ends sensltlve to

- light. nght is focused there by the lens at the front of the eye (Secs. 2 to-
2B);

g ‘ shield an absorbmg matenal that prevents the passage of radlatlon or reduces
its intensity.’ (Secs. 1, 1B; App. A, nos. 5, 8, 14)

Skylab a very large space workshop that NASA ‘put into. orbit. on May l4
1973..1t was visited by three astronaut crews who worked on’ screntlfic
expenments in space for a total of 172 days. (Secs 110 1C, 2, 2By

- solar wind.a stream,of ionized gas, mostly protons and electrons blown out
of the Sun at hlgh speed (20 km/sec) on all sides. (Sec lA) '

South Atlanift Anomaly (SAA) an irregularity in the Earth’s magnetic fleld ‘ L

east of Brazrl where the radiation in the: Van’ Allen belt is very |ntense .
(Secs 14, 2 2B-to 2D Flg 2. 4) ' : ‘
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- o . sporeasmall seed germthatcan grow mtoamrcrobeoraplant such asafem e
S e T Spores of bacteria (about.I micrometer in size)* were used in Expenment Lo T
L ' 'MA-107. (Secs, 1,:3t0-3B, 3C; Figs: 3.6,3.7). " "~ : o
_' telescope an lnstrlment for measunng the du'ectton of i mcommg rays (Secs
“2C, 2E;,App. ‘A, no. 9; Fig. 2.3) - ' '_
track the path of a cosmlc ray through a‘substance that is changed by the T
passage of a high- speed fon. Photographic emulsion mustbedeveloped and-.
R o /€N and:Lexan plastic -etched to show the tracks ‘‘Latent tracks’” in- '
A P I AgCl(Cd) Crystals disappear unless the crystals are- |llummated by yellow .
Lo N ' llght(Secs2C3A3B3DAppAno15F1g53233343537)-"
S _ultraviolet  invisible' light of wavelengths less than 4000 angstroms (400:
. - PRI nanometers), shorter than those of v'rslble llght (Sec 1B) . e e
o “:+ . Van Allen belt adoughnut shaped region around the Earth from about 320 to e
" 32 400 kilometers (200 to 20 000 miles) above"the magnetic equator,
S R where ‘high- speedprotbns_and electrons osclllate roth- south in the Earth’ s
R o magnetlc field. (Secs 4”{& 1B, 1D, 2; App. A, nos 2, 4, Frg 1.1y
. weightlessness the condjtlon of free fall or zero-g in whlch ob_|ects m an'
~ ‘orbiting sp?cecraftare welghtless (Secs 1,3€) L 3 . oo
N x-rays electromagnetlc ragiation of very sﬁrt wavelength (about 0. l to -lOO(, . e
.. '~ angstroms, or 0.01-to. 10 nanometers)-and hlgh,photon energy (about 100 -
e electronvolts to. lOO klloelectronvolts) (Secs lB lC 3C App A 1O 5) o
v 777 gée Pamphlet II. ' 3 :
2 atomic number,’ or the number of electrons |r®atom Cosmlc

l’ays' are :

oms withall electrons removed l!Pt.lS -ions( 3

»

F#4,:3D; App A, nos.. 1, 12, 13)"‘
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